The structure of the broad emission line region (BLR) in active galactic nuclei (AGN) remains unclear. We test in this paper a flattened configuration model for BLR. The virial theorem, by taking into account the disc shape of BLR, allows us to get a direct connection between the mass of a supermassive black hole (SMBH) and the inclination angle of the accretion flow. The inclination angle itself is derived from the spectropolarimetric data on broad emission lines using the theory for the generation of polarized radiation developed by Sobolev and Chandrasekhar. As the result, the new estimates of SMBH masses in AGN with measured polarization of BLR are presented. It is crucial that the polarimetric data allow also to determine the value of the virial coefficient that is essential for determining SMBH masses.
INTRODUCTION
It is generally accepted that AGNs are powered by accretion to a SMBH and the broad emission lines seen in type I AGN are produced as the result of photoionization of gas in the BLR. However the structure and kinematics of the BLR is a key problem in modern astrophysics. Broad emission lines are emitted in the vicinity of SMBH in AGN, but this region is not resolved in observations. Properties of the broad emission lines are used to estimate the mass of the central SMBH. The traditional method for estimating the SMBH mass is to use the virial theorem. It means that the mass of the SMBH can be estimated as (Vestergaard & Peterson 2006; Fine et al. 2008) :
where MBH is the mass of a black hole, f is a virial parameter that defines the geometry, velocity field and orientation of BLR, RBLR is the radius of BLR and VBLR is the velocity dispersion that is measured as the full width of the emission line in the variable spectrum. The BLR radius RBLR is usually given by the time delay between continuum and emission line variations. There are various approaches for determining the value of f . Labita et al. (2006) found that in quasars an isotropic BLR fails to reproduce the observed line widths and shapes, ⋆ E-mail: mike@gao.spb.ru † E-mail: gnedin@gao.spb.ru and a disk model is preferred. A disk like geometry for the BLR has been proposed by several authors (Decarli et al. 2008) . Some authors suggested that the BLR can not be completely flat (e.g. Collin et al. (2006) ). It means that disk may have a finite half thickness H, or a profile with H increasing more than linearly with the disk radius. Other models propose the existence of warped disks (Tremaine & Davis 2014) .
According to Kollatschny, Zetzl & Dietrich (2006) ; Kollatschny & Zetzl (2013) the hydrogen lines are emitted in a more flattened configuration in comparison to the highly ionized lines. H β lines originate at heights of 0.7 to 1.6 light days and at distances of 1.4 to 2.4 light days with height/distance ratios H/R ∼ 0.07 − 0.5. Pancoast et al. (2013) found that the geometry of the BLR is generally a thick disk viewed close to face on. Eracleous & Halpern (1994) have found that the inclination angle of BLR is 24
• − 30
• , and Eracleous, Halpern & Livio (1996) suggested that the inclination of the BLR can be i = 19
• − 42
• . The virial coefficient f depends strongly on the BLR geometry, velocity field and orientation. Many authors used the value f ∼ 1. Peterson & Wandel (1999) found f = 3/4. Onken et al. (2004) found the mean value of the virial coefficient f = 1.4. McLure & Dunlop (2001) have shown that for a disk inclined at an angle i to the observer the virial coefficient value is
In this paper we adopt the disk like model for the BLR of Seyfert galaxies and the expression for f given by (2). The value of the inclination angle can be determined from polarimetric observations using the standard ChandrasekharSobolev theory (Chandrasekhar 1950; Sobolev 1963 ) of multiple scatterings of the radiation on free electrons and Rayleigh scattering on gas molecules and small dust particles. According to these classical works, the polarization degree of scattered radiation depends strongly on the inclination angle. The scattered radiation has the maximum linear polarization P l = 11.7% when the line of sight is perpendicular to the normal to the semi-infinite atmosphere (Milne problem). Chandrasekhar (1950) and Sobolev (1963) presented the solution of the so-called Milne problem, i.e. multiple scattering of light in optically thick flattened atmospheres. The Milne problem corresponds to the propagation and scattering of light in optically thick disk-like region, i.e. this solution can be applied to BLR. The idea of inferring the inclination of a black hole accretion disk from observation of its polarized continuum has been suggested by Li, Narayan & McClintock (2009) and developed for determining the orientation of the X-ray producing inner region of the accretion disk around a black hole in X-ray binary systems. Another idea for using spectropolarimetric data has been suggested by Afanasiev et al. (2011) . The authors used the spectropolarimetric observation of the line profile for Sy 1.5 galaxy Mrk 6 and assumed that the scattering region is located in the inner part of the torus. Recently Marin (2014) , based on archival data, reported the first compilation of 53 estimated AGN inclinations matched with ultraviolet/optical continuum polarization measurements.
But these data are obtained in the widebands of wavelength and do not include the data on the broad Hα and H β emission that are used for determination of the masses of SMBH. The values of the inclination angles are obtained in many cases by indirect methods. For example, Wu & Han (2001) and Zhang & Wu (2002) estimated the orientation angles i assuming a definite mass/velocity dispersion between AGN and regular galaxies where AGN are located. For some Seyfert galaxies the inclination estimations are obtained from optical polarization data that are produced in continuum and can not be directly related to BLR. According to Tremaine & Davis (2014) the warped disks can exist in AGN and it means that BLR and the standard accretion disk, located closely to SMBH, can have different inclinations. This phenomenon is the reason why we used the polarimetric data of Hα emission line presented by Smith et al. (2002) .
We use the theory of multiple scatterings of polarized radiation (Chandrasekhar 1950; Sobolev 1963) and the disk like model for the BLR. As the result we estimate the values of the virial factor and the mass values for SMBH in AGN. We have in our order the detailed atlas of the values of the polarization degree and its dependence on the inclination angle i with the step of 0.005 for µ = cos i. Besides it is convenient in some cases to use the analytical formula for the polarization degree P l (µ) obtained in Silant'ev et al. (2010) :
The determination of the SMBH mass depends strongly on the virial coefficient. According to Eq.(2) the virial coefficient depends on the inclination angle. The calculations of Chandrasekhar (1950) and Sobolev (1963) of the degree of polarization of multiple scattered radiation coming out from the flattened atmosphere is strongly dependent on the inclination angle i. Thus, according to Eq.(2) the determination from polarization data the value of the inclination angle allows us to determine the virial coefficient f .
DETERMINING THE VIRIAL COEFFICIENT
For determining the virial coefficient we use Eq.(2). The polarimetric data that are necessary for determining the virial coefficient are presented in the spectropolarimetric atlas of Smith et al. (2002) . They obtained the values of polarization degree and position angles for 36 Type I Seyfert galaxies during a number of different runs at the Anglo-Australian and William Herschel telescopes. From 36 objects presented in the atlas of Smith et al. (2002) approximately 13 AGNs have the equal polarization degree for Hα line and continuum and approximately equal values of the position angle within the error limits. For most of the observed objects there is difference between the values of the polarization degree and the position angle. This fact can testify to the difference in the inclinations between disk shaped BLR and the accretion disk that can be described by Shakura-Sunyaev model (Shakura & Sunyaev 1973) . We shall show below that this conclusion is confirmed by polarimetric observations. Continuum polarization degree of AGN from Palomar-Green catalogue have been measured on 6-m telescope of Special Astrophysical Observatory (Afanasiev et al. 2011 Smith et al. (2002) . The virial factor for most of the objects from the Table 1 is f ∼ 1 within error limits, in accordance with McLure & Jarvis (2002) . For some objects, for example, Mrk 841, Mrk 896, Mrk 926, NGC 3516, NGC 3783, NGC 5548 the virial coefficient is in better agreement with the mean value of f = 1.4 (Onken et al. 2004) . For a number of objects including Fairall 51, Mrk 6, MC 1849.2-78.32, NGC 6814, UGC 3478 and WAS 45 the inclination angle exceeds considerably the value i = 30
• , and these objects have values of the virial coefficient of f < 1.0. This fact can mean that for BLR the model of random orbits (Peterson & Wandel 1999 ) is more realistic.
DETERMINING SMBH MASSES
After deriving the virial coefficient, it is possible to determine the SMBH mass in these particular AGN using Eq.(1). For a disk shape BLR, Eq.(1) takes a form:
where F W HM is the observed full width of the emission line ( 0.32 ± 0.01 dimensionless factor f in Eq.(1) depends on the structure, velocity field and inclination of BLR and it is different for each AGN. For the flattened, disk-like structure of BLR size is measured usually from reverberation mapping via the time lag between the broad line emission and continuum variabilities. VBLR is measured usually as full width at half maximum (FWHM) or as the line width that is usually characterized by the broad line dispersion. The full width of half maximum (FWHM) is used in many papers. The value of sin i can be derived from the data of the degree of polarization that is strongly dependent on the inclination angle. We have the results of the detailed numerical calculations of the degree of polarization P l (µ) for the radiation scattered in the optically thick plane parallel atmosphere. These calculations are made in the framework of the classical Chandrasekhar- (1) Reynolds (2013) Sobolev theory (Chandrasekhar 1950; Sobolev 1963 ) with the step for µ being equal to 0.005. The results of our calculations of the SMBH masses are presented in Table 2 . In the last column of the table the published values for the SMBH mass are presented. Our values show a good overall agreement with the previous determinations of black hole masses, obtained by various methods. For a number of objects there is a difference. For Fairall 9 our estimate of the SMBH mass looks lower, but our upper limit value coincides with the low-order limit value of BH, presented by Reynolds (2013) . For Ark 120 the situation looks as the same and there is the coincidence of our estimated value with the low-order value of BH mass, pre-sented by Vestergaard & Peterson (2006) . The similar situation occurs also for NGC 3516, NGC 3783, NGC 5548 and Mrk 279. Obly for Mrk 290 our low-order estimate 1.34 times higher than the upper limit of BH mass, presented by Feng, Shen & Li (2014) .
The difference between our and previous estimates of mass for some black holes can be associated with the real determination of the virial parameter f from Eq.(1). McLure & Dunlop (2001) value of f (Eq.(2)) allows us to determine directly this parameter but only in the situation when the inclination of the BLR is certain. Polarimetric observations have preference because the value of the polarization degree is directly associated with the inclination angle value, especially, for the standard Chandrasekhar-Sobolev theory of the generation of polarization in the plane-parallel atmosphere. Unfortunately, other methods determining inclination angle of the BLR and accretion disk are considerably uncertain. For example, it is used determination of the accretion disk inclination to the line of sight for a sample of AGNs from their bulge stellar velocity dispersion, based on suggesting a Keplerian mass/velocity dispersion between AGN and host galaxies (details in Marin (2014)). Namely the use of the bulge stellar velocity dispersion provides the difference in the real estimate of BH masses. In many cases the BH mass is estimated suggesting that the virial coefficient f = 1.
Another problem associated with the determination of the BLR size. This size cannot be directly measured from single epoch spectra of AGN, which are used for estimate of BH masses. Most popular estimated of the BLR size rely on the discovery that RBLR scales with a certain power of continuum luminosity of the AGN. Unfortunately this scaling dependence appears slightly different in works of various authors.
For example, for Fairall 9 and some other objects we used data for BH masses from Brenneman (2013) and Reynolds (2013) , that are based on the estimate of the virial coefficient in Eq.(1) as f = 1.0. For Mrk 290 Feng, Shen & Li (2014) produced the estimates of its mass using the specific calibration of the coefficient of single epoch spectra in the local AGN sample. This circumstance may be the reason of the difference between our and others results.
There is yet another way for determining the SMBH mass. Under the assumption that the motion of the gas in the BLR of AGNs is dominated by the gravitational influence of the black hole, one can use the virial relation (1) to obtain MBH . The radius RBLR is determined usually with reverberation mapping (Peterson et al. 2004) or is estimated with the radius-luminosity relation (Bentz 2009) .
If one adopts a value for the virial coefficient of f = 1, the determined MBH is commonly called as "the virial product" (VP). The results of calculations of the virial product for AGNs are presented by Grier et al. (2013) and Ho & Kim (2014) . Eq.(4) allows to obtain the following relation between the actual value of BH mass, virial product and sin i:
Determining the value of sin i from the polarimetric data one can derive the actual value of MBH . Using data on VP published in Grier et al. (2013); Ho & Kim (2014), we esti- Table 3 . The masses of SMBH in AGNs determined via measured polarization of broad Hα emission and virial product data. Polarization data are from Smith et al. (2002) . Virial product data are from Ho & Kim (2014) .
(from Eq. (5) Table  2 . These results are presented in Table 3 . They agree with the values in Table 2 within the uncertainties.
CONCLUSIONS
We presented a new method for estimating the SMBH mass. The method is based on the observations of polarization of broad lines emission, suggesting that the BLR is likely to be an optically thick flattened configuration (Kollatschny, Zetzl & Dietrich 2006; Kollatschny & Zetzl 2013) . In this case the virial coefficient (Eq.(1)) can be derived as f = 1/(4 sin 2 i) (McLure & Dunlop 2001) . The value sin i can be obtained from the polarization degree of radiation of optically thick plane parallel atmosphere (Chandrasekhar 1950; Sobolev 1963) . This result allows us to obtain an independent estimate for the central supermassive black hole mass from Eq.(1). The results of our calculation of the masses of SMBH for specific AGN are presented in Table 2 . Comparison of our results with the results of other authors, which used fixed values of the virial coefficients, and frequently adopted the value of f = 1, shows significant differences for a number of AGNs. It means that there is a clear distinction of our black hole masses from the virial product value that corresponds to the value of the virial coefficient f = 1 (Ho & Kim 2014) .
It is important to emphasize that the polarimetric observations allow to derive the ratio RBLR/Rg for the situation when the BLR resides in a flattened, disk like configuration (see Eq. (4)). 
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